The robotic system offers potential technical advantages over laparoscopy for total mesorectal excision with radical lymphadenectomy for rectal cancer. However, the requirement for fixed docking limits its utility when the working volume is large or patient repositioning is required. The purpose of this study was to evaluate short-term outcomes associated with a novel setup to perform total mesorectal excision and radical lymphadenectomy for rectal cancer by the use of a "reverse" hybrid robotic-laparoscopic approach.
T he robotic platform for minimally invasive total mesorectal excision (TME) offers a number of technical advantages, including improved operative precision for vascular dissection, 3-dimensional optics, and fixed retraction for sharp mesorectal dissection. On the basis of these advances, several approaches to robotic TME surgery, broadly categorized as hybrid laparoscopic-robotic or totally robotic, have been proposed. With the conventional-hybrid technique, the proximal lymphovascular dissection and colonic mobilization are first performed laparoscopically followed by robotic rectal dissection. 1 This approach, however, does not take full advantage of the benefits of the robotic interface, in particular, during lymphovascular dissection. The totally robotic approach more fully uses the robotic interface, but can require multiple dockings of the surgical cart, increasing logistic complexity and operative time. [2] [3] [4] Furthermore, because the robot does not permit repositioning after docking, splenic flexure colonic mobilization can be more difficult. Indeed, reported series of the totally robotic approach with a single docking have rarely included splenic flexure mobilization.
2,4
To more optimally take advantage of the operating characteristics of the robot, we developed a reverse-hybrid robotic-laparoscopic technique. This approach more fully incorporates the technical advances of the robotic interface without the fixed or multiple docking limitations of the totally robotic approach.
METHODS

Patient Identification and Selection
Patients with rectal adenocarcinoma who underwent robotic rectal resection between January 2009 and March 2011 were included. Patients underwent robotic rectal surgery, and their outcomes, including evaluation of the quality of mesorectal excision, 5 were assessed under an institutional review boardapproved prospective data-monitoring protocol.
Reverse-Hybrid Technique
All procedures were performed with the use of the 4-arm da Vinci S surgical system (Intuitive Surgical, Sunnyvale, CA) and laparoscopic instrumentation. Conventional-hybrid laparoscopic-robotic and totally robotic techniques have been previously described. 4, 6 We developed a 6-port reverse-hybrid technique incorporating the robotic interface early during the lymphovascular and pelvic dissection steps (Fig. 1) . After laparoscopic exploration, the patient is placed in 5°to 10°r ight-side-down Trendelenburg position, and the robot is docked between the legs.
Robotic Dissection
Robotic dissection is initiated at the superior rectal vessels overlying the sacral promontory and the mobilization is carried up along the aorta to isolate the inferior mesenteric artery (IMA) at its origin while visualizing the sympathetic nerve fibers. The IMA lymph node bundle is dissected and resected with the superior rectal vessels (Fig. 2) . The ascending left colic artery to the splenic flexure and the descending left colic artery to the descending-sigmoid colon junction are dissected. The IMA is divided at its origin, and the superior rectal artery is divided just distal to the descending left colic artery. This preserves an accessory collateral blood supply to the descending colon. The medialto-lateral mobilization of the sigmoid mesocolon followed by lateral sigmoid mobilization is then performed. The circumferential rectal mobilization is then performed along the mesorectal plane with the use of a gauze tied around the proximal rectum to facilitate retraction. The dissection is performed with a nerve-sparing, sharp technique. Once the mesorectal dissection is complete, the robotic procedure is terminated.
Laparoscopic Splenic Flexure Mobilization
After the robotic procedure, a laparoscopic medial to lateral dissection of the inferior mesenteric vein and descending mesocolon is performed, and the lesser sac is entered along the anterior aspect of the pancreas. The complete splenic flexure mobilization is performed with the same ports used during the robotic steps, but with the advantage of dynamic table positioning to facilitate exposure. In cases of abdominoperineal resection, flexure mobilization is omitted, but laparoscopic omental flap mobilization is performed.
Rectal Transaction and Anastomosis
Rectal transection is completed by the use of a transecting TA stapler through a Pfannenstiel incision after undocking, or transanally depending on tumor location. 
DISEASES OF THE COLON & RECTUM VOLUME 55: 2 (2012)
When indicated, frozen-section evaluation for distal margin status is performed. The anastomosis is then constructed followed by direct endoscopic evaluation of the anastomosis.
RESULTS
Conventional-hybrid (n ϭ 6), totally robotic (n ϭ 4), or reverse-hybrid (n ϭ 30) robotic resections were performed. The operative technique evolved from conventional-hybrid and totally robotic to the reverse-hybrid technique, depending on the indication.
Operative Parameters and Short-term Outcomes
Operations were sphincter-sparing in 80%, most commonly ultralow anterior resection or coloanal reconstruction (63%). Six (20%) patients required a combined procedure, eg, patients with lateral pelvic or retroperitoneal lymph node resection (n ϭ 5) or with adjacent organ resection (n ϭ 1). Median operative time was 369 minutes (interquartile range (IQR) 306 -410 min) and the console time contributed to a median 30.9% of the total operation time. There were no intraoperative complications or conversions. Operative parameters are summarized in Table 1 . Postoperative complications included small-bowel obstruction (n ϭ 1), anastomotic leak (n ϭ 1, following 1 year systemic chemotherapy for metastases), and bleeding from the vessel-sealed IMA stump (n ϭ 1, previous history of retroperitoneal radiotherapy) ( Table 2 ).
All patients underwent total or tumor-specific mesorectal excision. Pathologic specimen grading was performed to assess the completeness of the mesorectal dissection. There were no cases of incomplete mesorectal excision or of positive circumferential resection margin (Table 3) .
DISCUSSION
We have developed a reverse-hybrid robotic-laparoscopic approach to TME to optimally use the robotic interface for minimally invasive rectal cancer surgery. In comparison with the conventional-hybrid approach, the procedure is "reversed"; robotic lymphovascular and pelvic dissection is performed before laparoscopic descending colon and splenic flexure mobilization. The robot is therefore used where it provides the greatest advantage to standard laparoscopy-during radical lymphovascular and pelvic dissection where the working volume is small, the precision requirements are high, and there is no need for repositioning or redocking. This approach may be suitable for a wide range of patients, including those with high BMI, distal cancers within a deep narrow pelvis, or lateral pelvic nodal metastases.
Several advantages of the robot make it an appealing tool for minimally invasive surgery. [7] [8] [9] However, there are challenges associated with using the robot for rectal surgery that result from the large working volume, inability to reposition the table to facilitate colonic mobilization once the robotic cart has been docked, and the lack of effective instrumentation for bowel handling. These characteristics resulted in the initial appeal of conventional-hybrid techniques during which the robot is used only during pelvic dissection after laparoscopic lymphovascular dissection has been completed. 1, 4, 6, 10 The conventional-hybrid technique, however, does not take full advantage of the robotic capabilities.
The more recent "totally" robotic approach uses the robotic interface for both the lymphovascular and pelvic dissection.
2,4,11 A major purported advantage of this approach is the use of the robot to perform a safe and complete lymphadenectomy and vascular dissection. The robot is most commonly docked over the left hip, and most of the reported procedures have been performed without splenic flexure mobilization. 2, 4 However, in our US population of patients with predominantly distal rectal cancers, complete splenic flexure mobilization is routinely necessary. In particular for taller or heavier patients, it is not possible to adequately mobilize the splenic flexure or complete the distal rectal dissection by the use of the over-theleg docked robot without a second docking, 3 and the limitations of totally robotic approach to splenic flexure mobilization with over-the-leg docking have thus been recognized. 2, 11 We have therefore combined the lessons from conventional-hybrid and totally robotic surgery to develop the reverse-hybrid technique. It combines the advantages of a totally robotic procedure without requiring multiple dockings or being subject to the working volume limitations of the robotic system, particularly during splenic flexure mobilization. Laparoscopic flexure mobilization permits dynamic use of gravity and table repositioning without the fixed-docking limitation. All robotic steps are possible with a single between-the-legs docking optimizing the robot's mechanical operating characteristics. Then, the inferior mesenteric vein division and splenic flexure mobilization can be efficiently performed with the use of conventional laparoscopy.
With a higher proportion of distal tumors, and higher median BMI (27.6) than most previous reports, the total operative time in this study was in line with other highly experienced centers. 12, 13 The median robotic-at-console time was 30.8% (IQR 24.3-34.8) of total time, also in line with previous reports. 2, 4, 6 The remaining time was for additional procedures such as fresh pathology evaluation and frozen section of margins, pedicled flap omentoplasty (abdominoperineal resection), endoscopic anastomotic interrogation, or diverting ileostomy; technical issues related to distal bowel transection, J-pouch creation, or handsewn anastomoses. Before incorporation of the robotic technique, patients who required extended resections or extramesorectal pelvic lymph node resection, or who had a high BMI, would not have been eligible for minimally invasive resection.
Notwithstanding the small sample size, the functional outcomes following robotic rectal surgery were acceptable despite the relatively advanced and distal disease within the cohort. The real impact of the minimally invasive approach to rectal cancer will be more clearly elucidated by the ongoing American College of Surgeons Oncology Group phase III randomized trial comparing minimally invasive (laparoscopic or robotic) TME with open TME to which eligible patients were also recruited.
CONCLUSIONS
The reverse-hybrid technique for robotic rectal resection optimally incorporates the advantages of the robotic interface for the performance of minimally invasive rectal cancer surgery, while avoiding the working volume, gravity, and target organ limitations, thus improving the applicability of minimally invasive surgery to patients with a wider range of tumor characteristics and body habitus.
